INTRODUCTION
In India agriculture plays a strategic role as this sector is the mainstay of the country's economy. About 18% of the national income is from this sector which provides employment to about more than half of the work force in the country (Kothai 2011) . Significant progress has been made in food grain production in India over the years, with a record 241.56 million tons in 2010 -11 (Murugesa Boopathi 2011 . During 2008, India ranked second in the world with regard to production of wheat (79 mt). India is also main consumer of wheat in the world. After the Green Revolution in the 1970's and 1980's the production of wheat has shown a huge increment. The major States involved in wheat cultivation are those located in the plains of Uttar Pradesh, Uttarakhand, Punjab and Haryana. They account for nearly 70 per cent of the total wheat produced in the country (Nainwal 2009 ).
Wheat is a rabi crop and is hence grown during the winter season in India. Sowing of wheat occurs in October-November and the crop is finally harvested during the months of March-April. Wheat crop requires warm temperate climatic conditions with moderate temperature and rain fall during the growing season and bright sunshine at the time of ripening and harvest. It requires a rainfall of about 50 cm to 100 cm during its growing phase. Too much rain is injurious to the plant. Alluvial soils are ideal for wheat cultivation and that is why the fertile plains of the IndoGangetic region are most conducive for wheat cultiva-A field study has been carried out in Pantnagar; district U.S. Nagar of Uttarakhand State for wheat acreage estimation, during March 2010 were used as training sets for supervised classification. The training pixels were selected from different fields. The total numbers of five classes were identified for which separate ROIs (Region of Interest) were generated in order to train the image processing software. The accuracy of the classification was determined by comparing the test set with the classification results to generate producers, user's and the overall accuracies. The overall accuracy obtained was 100%. Post classification statistics was generated to find out pixels belonging to different categories. The acreage of all the classes was computed by multiplying the total number of pixels in a category with the area of single pixel. The size of each pixel in LANDSAT image is 30m and hence the area covered by each pixel is 30mx30m (900m 2 ). The total number of pixels obtained was 16,495. Therefore, total area tion (http://www.pnbkrishi.com/wheat.htm).
The production of principal agricultural crops in the country is estimated as a product of area under the crop and the average yield per unit area of the crop. The estimates of the crop acreage at a district level are obtained through complete enumeration, whereas, the average yield is estimated through General Crop Estimation Surveys (GCES), on the basis of crop cutting experiments conducted in a number of randomly selected fields in sampled villages of the district. However, the traditional system of estimation of crop production faces several problems like lack of timely dissemination of information; less reliability of records maintained by the patwaries, requires huge capital and is labour intensive. With the advent of advanced technologies of Remote Sensing most of the survey work is now being done using geospatial technology with the help of high speed computers. Remote sensing offers unique opportunity of gathering information of larger area at a shorter time span (Yang 2011) .
Hence, advent of remote sensing technology and its great potential in the field of agriculture have opened newer possibilities of improving agricultural statistic system as it offers accelerated, repetitive and spatial-temporal synoptic view in different windows of the electromagnetic spectrum. In the last few years, remote sensing technology has been increasingly considered for evolving an objective, standardized and possibly cheaper and faster methodology for crop production estimation (Bauman 1992) . The acreage estimation procedure using remote sensing technique broadly consists of identifying representative sites of various crops on the image based on the ground truth collection and classifying the image using different classifiers. Further, as remote sensing methods regularize continuous landscapes into a grid of equal sized and regularly spaced data in the form of pixels, it is anticipated that there will be some degree of dependency between pixels, most likely in the form of positive spatial autocorrelation. It represents valuable information, which may be exploited as an image characteristic (Singh et al. 2001) . There are several studies in which remote sensing technique has been used to discriminate the pixels of target crops, however these exhibited less accuracy due to the fact that earlier studies either used spectral signature based approach or NDVI based approach. In the present study we used hybrid approach involving spectral signature as well as NDVI for accurately discriminating the pixels belonging to wheat crop.
MATERIALS AND METHODS

General description of the study area
Field study was conducted at Agricultural farm, G. B. Pant University of Agriculture and Technology, Pantnagar. Geographically, this centre is situated at 29°N latitude and 79.3°E longitude. The elevation of this place from mean sea level is 216 meter. The area lies in ''Tarai" belt located in foot hills of the Himalayas. Software used ENVI (Environment for Visualizing Images) software was developed in September 2000 to analyze the images captured with infrared cameras. ENVI-4.8 is the ideal software for the visualization, analysis and presentation of all types of digital imagery. ENVI is written entirely in IDL, the Interactive Data Language. IDL is a powerful, array-based, structured programming language that provides integrated image processing and display capabilities and an ease to use tool kit. ENVI is used for processing the remote sensing images. ENVI is the premier software solution for processing and analyzing geospatial imagery used by remote sensing professionals, scientists, researchers, image analysts and GIS professionals all around the world.
Remote sensing images
LANDSAT-ETM is having the repeativity of 16 days. Cloud free LANDSAT-ETM images of three months dated 25 th January, 22 nd March and 1 st April of path 145 and Row 40 (Containing Pantnagar and adjoining region) were collected. A sample image of the study region has been shown in Figure 1 . A multi-date approach is used when single date data does not permit accurate crop discrimination. The data is being currently provided by USGS and is available free of cost at their website for download (http:// Edcsns17.cr.usgs.gov/EarthExplorer/). The present LANDSAT-ETM were available in SLC (Scan Line Corrector) off mode, which have horizontal blank strips from center broadening towards the East and West of the images. However, centered 22 km strip in the images is free from any error (Figure 1 ). Pantnagar having agricultural farm is located in the middle stripless area of the image. Therefore Pantnagar region was subset from each image for further analysis (as shown in Figure 2 ).
Ground Truth
Ground truth is an important step in remote sensing and is a prerequisite for object discrimination and image classification. The ground truth has been carried out at the selected places with the help of Global Positioning System (GPS). Same time a general map has been created showing the position of some ground control points.
Training of image processing software
Training of the image processing software is the process in which the software is used to recognize the spectral signatures of the various target objects. Region of Interest over different objects such as Agriculture crops, Built-up land, Forest and Water body were created with the help of ground truth information. The spectral response of fallow land and built up land was found to be same. The aim of the present study was to identify the wheat pixels accurately, therefore fallow lands have not been considered for further analysis. The spectral response of the different objects was recorded which was used in the process of image classification. Classification of image and crop discrimination Image classification using maximum likelihood classifier was carried out using ENVI-4.8 software. Entire image has been classified into separate classes and all crops were kept under agriculture category. The Maximum Likelihood Classifier (MLC) is a well known parametric statistical classifier and is widely used for pattern classification (Duda and Hart 1973) . Supervised classification methods are based on the external knowledge of the area. These types of inputs are derived from field work/ground truth information. Maximum likelihood classification assumes that the statistics for each class in each band are normally distributed and calculates the probability that a given pixel belongs to a specific class. Those pixels which don't show likeliness of being a member of any class are kept under unclassified category.
Generation of NDVI image
NDVI images of the Pantnagar region for each date were generated using RED and NIR band. Average NDVIs of selected farm field were calculated through band math module of the ENVI-4.8 image processing software. NDVI values generally represent the crop biomass. Therefore the value of NDVI increases with increasing LAI/Biomass. The different crop in season will have different type of growth pattern, thus the NDVI value could be a good indicator for identifying/ discriminating the different crops. NDVI, which is measurement of vigour of crop plant, was calculated using Rouse et al. (1974) .
Creation of Mask
As stated in the previous section that NDVI value could be a good indicator of the crop identification, a range of NDVI (0.40-0.68) has been selected after the ground truth to represent the fields of wheat. The NDVI image derived from ETM sensor onboard LANDSAT has been used to develop image of a mask of 0.40-0.68 NDVI values. It has been observed that selected areas or patches or regions were also having the NDVI values in the above stated range; however these areas or regions were having trees or forest, which have been classified in the different category in the classification step.
Mask Overlay
The mask created with NDVI range of 0.40-0.68 was overlaid on the classified image produced in earlier step. The area under mask was kept active so that the output image only shows the wheat pixels but with their original NDVI values. The entire methodology in the schematic form has been presented in the Figure 3 . The accuracy of the final output has been tested through the values of Kappa coefficient, overall accuracy, producer accuracy and user accuracy. The kappa co-efficient was computed using Bishop et al. (1975) 
RESULTS AND DISCUSSION
The present study was undertaken at the agricultural farm of G. B. Pant University of Agriculture and Technology, Pantnagar for estimating wheat acreage in order to provide an accurate estimate. Crop spectral reflectance is sensitive to changes in crop health and has widely been used in various crop related applications such as growth monitoring, stress assessment and crop discrimination. The spectral response of the crop at different stages is very important for crop discrimination in order to train the software with identification marks through spectral signature. Therefore, the spectral signatures, which is the response of the crop in different bands at different phenological stages is recorded and analyzed for Mustard, Wheat and Sugarcane. The reflectance in NIR band is strongly influenced by the cell structure and arrangement inside the leaves, therefore with increasing vegetation cover the NIR will increase and vice-versa (Potdar and Manjunath 1999) . The blue and red band show inverse relationship in comparison to NIR band. As Mustard canopy develops, the absorption in blue and red band increases i.e. reflectance decreases with increasing greenness in the plant. The pigments present in the cell absorb the electromagnetic radiation in blue and red bands (Tucker 1979; Ayyangar et al. 1980a Ayyangar et al. , 1980b , which is utilized in photosynthetic activities. During photosynthesis the physical form of energy is converted into chemical form of the energy. At the age of 40-45 days maximum absorption occurs in blue and red band and when the crop enter into maturity stage, reflectance increases. Wheat crop shows almost similar kind of response as of Mustard, except the peak of maximum vegetation in case of Wheat occurs little later. Sugarcane crop takes more time in the field than Mustard and Wheat. It completes its growth cycle almost in one year. The green biomass increases up to the first six-seven months and then remains constant for few months. However, decay process of the older leaves start bit early which use to modify the spectral response of crop. The reflectance in NIR band shows increasing trend up to the attaining maximum vegetation stage and thereafter it decreases when decay process in older cells start. On other hand the reflectance in blue and red band show decreasing trend with increasing crop cover and it keeps on decreasing up to the 8 th month of the crop. The blue and red bands are more sensitive to the amount of the pigment present in canopy than the drying cell that is why reflectance in these two band decreases for little longer time. Considering the growth pattern and availability of the image, the image acquired on 22 nd March 2010 was selected for further studies (Figure 4a ) as during this time the wheat crop will have the maximum NDVI values in Tarai region of Uttarakhand.
Image classification
The discrimination of the objects on geographical space is important to compute the area under the targeted feature. The different land uses were discriminated using the supervised technique and implying the maximum likelihood algorithm. The similar type of study was conducted by (Cohen 1960) . Image processing software ENVI-4.8 was trained for five different categories and Maximum Likelihood algorithm was used to classify the image. The LANDSAT-ETM image of the 22 nd March was used to demonstrate the capability of remote sensing to discriminate the different land uses from other spatial features. Entire image was classified into Agricultural land, built-up land, fallow land, water body and forest (Figure 4c ). The area under wheat, built up land, forest and water body was found to be 1484.55 ha, 2532.6 ha, 1967.22 ha and 644.49 ha respectively. Discrimination of wheat using remote sensing The wheat crop has been discriminated from other agricultural crops by taking into account the NDVI range of wheat during March (Figure 4b ). With the help of NDVI values the mask was generated (Figure 4d ) and overlaid on classified image in order to separate out the pixels belonging to wheat crop. The Kappa co-efficient (K), was estimated to be 1 indicating perfect agreement between the assigned pixel and classified pixels. Thus Maximum Likelihood algorithm can be applied accurately for discrimination of the target crop from other features. The similar kinds of results were obtained by (Ranjan 2010) .
In the present study, the total number of pixels obtained was found to be 16,495 (Figure 4e ). The area covered by each pixel is 30mx30m (900m 2 ). Hence the total area under wheat was found to be 1484.55 ha.
The results show that all pixels in the image of Pantnagar subset were classified accurately and no pixel shifted its class. Therefore the value of Kappa coefficient was 1 and also overall accuracy was 100%. This also suggests that producer accuracy and user accuracy is also 100 %. (Table1). Accuracy estimation in terms of overall accuracy, error of omission and error of commission and kappa co-efficient (K) was subsequently made after generating a confusion matrix.
CONCLUSION
The discrimination of one object from another object through remote sensing is crucial to know the area under different objects. Wheat crop had a narrow band and sometime shows overlapping range of values, making it difficult to separate from other classes. Therefore a hybrid approach consisting of classification in broad categories and masking through the range of NDVI of target crop could be useful to separate the target crop from other objects. The zero error of omission, representing 'producer's accuracy', is same for all the classes (Wheat, Fallow land, Forest etc.). Thus it explains that the present approach could be adopted for accurate estimation of the acreage of the crop.
